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Description 



This invention relates to a process for bonding current carrying elements to a substrate in accordance 
with the preamble of claim 1. More particularly, this invention relates to an electronic circuit 
5 interconnection bonding technique for fabrication of chip carrying substrates and more specifically to the 
bonding of pins thereto in a manner compatible with continuous reheating of chips. 

In the semiconductor packaging technology it is frequently necessary and/or advantageous to affix 
input/output pins and other current carrying elements to the surface of a substrate having an 
interconnection network of current carrying lines. A specific example is bonding pins to I/O pads on the 
w bottom surface of a multilayer ceramic (MLC) substrate. The pads are joined to an internal metallurgy 
system that is connected to integrated circuit devices mounted on the top surface of the substrate. Such a 
semiconductor package is described and claimed in U.S. Patent 4,245,273. In the manufacture and 
operation of complex, multi-device packages, it is necessary to repair and/or rework the modules by 
removing the cover and replacing devices that are defective or defectively joined. This operation inevitably 
15 requires reheating of the module and more specifically the substrate. The I/O pins on the substrate should 
desirably be brazed to the substrate with an alloy that is not significantly affected by reheating of the 
substrate to temperatures necessary to re-melt the solder. It is conventional to use braze preform or paste 
containing a particular alloy to bond pins. The preforms and paste are normally formed of 80-20 AuSn. This 
alloy is stable, and has a melting point above the melting point of lead/tin solder. Thus, the bond between 
20 the pins and the substrate is not melted during rework. However, the cost of this brazing alloy is very 
expensive because the price of Au is high and the alloy contains a high percentage of Au 

From IBM Technical Disclosure Bulletin, Vol. 25, No. 2, July 1982 compositions of brazing alloys 
including Ag, Cu, In and Sn are known for the purpose of joining various elements, such as pins to ceramic 
substrates in the semiconductor packaging technology. 
25 Because of the melting point requirements, the necessity for forming a strong and stable bond for 
attaching pins that is not affected by environmental conditions, the number of brazing alloys and metals for 
such use is quite limited. Ag brazing alloys, which are less expensive than Au brazing alloys have not been 
used because of their high susceptibility for causing failure by electromig ration. 

It is therefore the object of this invention to provide a process for bonding current carrying elements to 
the substrate of a semiconductor package which results in a strong, stable and relatively inexpensive bond. 

This object is achieved by the invention as characterized in claim 1 ; embodiments of the invention are 
characterized in the dependent claims. 

In the process for bonding a current carrying element to a dielectric substrate, a solder wettable pad of 
a predetermined diameter is formed on the substrate, a pin or element with a flat surface having a 
dimension that is significantly smaller than the dimension of the pad is provided, a brazing material of an 
alloy of Ag/Cu/ln or Sn or combinations of In and Sn that exhibits a mushy zone over a predetermined 
range is placed between the flat surface of the element in centered relation to the pad, and the resultant 
assembly heated to a temperature within the predetermined temperature range while applying pressure to 
the element to force the element into contact with the brazing material, and cooling the resultant bonded 
40 assembly. ' 

The bond structure of the invention is an improvement in the context of a multilayer ceramic substrate 
for an integrated circuit semiconductor package having at least one integrated circuit semiconductor device 
mounted on the top surface and I/O pins mounted on the bottom surface electrically connected to the 
device through the internal metallurgy in the substrate. The improved bond structure taken in the context 

45 of the aforementioned combination, has a plurality of solder wettable pin pads on the bottom surface of the 
substrate each having a predetermined diameter, I/O pins, each provided with a flat head with a diameter 
significantly less than the diameter of the pin pads, and a brazing material of an alloy of Ag/Cu/ln or Sn or 
combinations of In and Sn disposed only between the head of the pin and the central area of the pad, thus 
bonding the pin to the substrate but leaving a peripheral pad area devoid of brazing alloy. 

so Embodiments of the invention are now described in detail with reference to the drawings, where: 

Figure 1 shows a top view in broken section of a multilayer ceramic substrate carrying two connector 
pins attached by the process of the invention; 

Figure 2 is an elevational view in broken section illustrating a plurality of pins bonded to a substrate in 
accordance with the process of the invention and 

55 Figure 3 is a plot of temperature versus alloy composition which illustrates generally the requirements 
for the alloy used to bond the pins in the process and structure of the invention. 

The problems solved by this invention relate to the brazing of pins for other current carrying elements 
to a device carrying substrate in a semiconductor package. 

Referring now to the Figures of the drawings and in Figures 1 and 2 in particular, there is illustrated in 

60 broken section two pins 10 bonded to a substrate 12 of dielectric material. In the preferred specific 
embodiment, substrate 12 is a multilayer ceramic substrate having an internal metallurgy system that 
interconnects I/O pins on the bottom side of the substrate with semiconductor devices and other elements 
mounted on the upper or opposite side of the substrate. The fabrication of a multilayer ceramic substrate is 
well known in the technology and consists basically of forming a ceramic slurry of particulate ceramic 

65 material, an organic resin, such as polyvinylbutyral, a solvent for the resin, and various plasticizers and the 
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like. The ceramic slurry is doctor bladed into sheets, the sheets dried, via holes punched through the 
sheets, and lines screened on the sheets and through the vias. They are then laminated and sintered at 
relatively high temperatures sufficient to burn off the binders and cause the ceramic particles to fuse. 
On the top and bottom surfaces, pads for affixing pins, and also to serve as a base for solder pads for 

5 connecting semiconductors are formed of a refractory paste. The refractory metal pads are formed on the 
substrate before it is sintered. Subsequently, the pads of refractory metal are coated with a metal that is 
solder wettable such as nickel, by various techniques known to the art. In Figures 1 and 2, pin pads 14 are 
illustrated but the interconnection between the pads is not since it is not part of this invention and well 
known in the art. In the practice of the invention the pins 10 selected to be bonded to the substrate 12 have a 

w head 16 with a flat bottom surface 18. As is evident in Figures 1 and 2, the diameter of head 16 is 
significantly less than the diameter of pad 14. The reason for the smaller head diameter will be evident as 
the invention is explained in more detail. The pin 10 is bonded to the central portion of pad 14 with a 
brazing alloy 20 as most clearly shown in Figure 2. Note that the brazing alloy 20 is confined between the 
head 16 of pins 10 and the central portion of pad 14 leaving outer peripheral area of pads 14 free of the 

is a|| oy- 

The brazing alloy suitable for use in the practice of the invention must have a "mushy" state over a 
relatively wide temperature range. This "mushy" state occurs when a liquid stage and a solid stage are 
present. This is illustrated in Figure 3 which is a partial phase diagram for an Ag/Cu/ln mixture. The phase 
diagram of Figure 3 plots temperature versus percent of indium in a given Ag/Cu mixture. Note that in area 

20 30 the mixture is a solid, in area 32 the mixture is a combination of a solid phase and a liquid phase, and in 
area 34 the mixture exists only as a liquid. In the process the assembly of pin 10, and substrate 12, alloy 20 
is introduced as a metal mixture in the form of either a preform or a paste that includes indium at a percent 
indicated on Figure 3 as 36, which is heated to temperature T1. The alloy 20 at temperature T1 becomes 
"mushy". Pressure is applied to force pin 10 toward pad 14 into contact with the alloy preform or paste. 

25 When the pressure is applied to the pins 10 the small volume of liquid phase created by the "mushy" zone 
brazing will wet the surface 18 of pin head 16 and pad 14 to only a limited extent and so create the brazed 
fillet design indicated in Figure 2. This is in contrast to prior art brazing which utilize a braze material that 
melts completely. In such a process the metal would wet the entire surface of pad 14. By this process the 
peripheral area of pad 14 outside of the head 16 of pin 10 is not coated with the braze material. Migration of 

30 the silver in the paste is prevented from occurring across the annular peripheral region of pad 14 due to the 
equipotential nature of the sintered pad structure. Equipotentiai means that all lines of electromotive force 
(emf) are always normal to the pin-l/O structure, no tangential emf components exist. For a fully wetted I/O 
pad, the emf acting on the braze at the outer pad edge provides the driving force for migration of the braze 
material. In this migration-resistant pin pad design, braze material must necessarily travel across the braze- 

35 free region for migration to occur. As there exists no (necessarily tangential) emf component to cause 
metal to migrate across the braze-free region, metal migration from one I/O to another is prevented* No 
potential differences occur radially across the peripheral area and hence no driving force for metal 
migration between the outside edge of the braze surrounding head 16 and the outside peripheral edge of 
pad 14 exists. Consequently, braze migration from one I/O pin to another is prevented by this design and 

40 the possible system failure is averted. If necessary or desirable, the resistance to el ectromig ration can be 
further improved by providing a coating of solder or other electrically conductive material that is resistive 
to electromigration over the surfaces of pin 10 and pad 14. 

The dimensions of the pad 14 and pin head 16 can be chosen to best suit the particular application. The 
outer edge of the pin head 16 is displaced inwardly from the outside edge of pad 14 by at least 0.125 mm 

45 (0.005 inch) more preferably in the range of 0.4 mm (0.014 inch) to 0.6 mm (0.025 inch). The pin does not 
necessarily have to have a head. Pins used in the practice of this invention can be straight shank without a 
head. Sufficient strength can be achieved by the braze connection under the headless pin using the alloy of 
invention and process for binding to allow such use. 

The composition of the brazing material is also be chosen to best suit the particular application 

so contemplated for use. As discussed previously, the alloy used must be relatively strong in order to provide 
a secure bond between the pin and the pad, and must exhibit a transition through a "mushy" state over a 
relatively wide temperature range in order to make fabrication feasible. In general, the preferred alloy 
includes a combination of Ag, Cu and In and/or Sn. Preferably, the mixture contains Ag in the range of 60 to 
70 wt.%, Cu in an amount in the range of 20 to 30 wt.% and In and/or Sn in an amount in the range of 5 to 20 

55 wt.%. The alloy can include other elements as well, provided that the aforementioned criteria are satisfied. 
Preferred alloys include a composition consisting of 61 Ag 24 Cu 15 In available from Wesgo Corporation, 
Belmount, California and sold under the trademark Incusil 15. Another preferred alloy contains 60 Ag 20 Cu 
15 In and 5 Sn. Another preferred alloy contains Ag Cu and Sn sold by Wesgo Corporation. The 
temperature at which the braze material must be heated in order to form a bond is determined by the 

60 particular composition and can be evaluated by a phase diagram similar to that illustrated in Figure 3. 
Preferably the temperature range for the liquid to remain in a "mushy" state is in the range of 10°C to 100°C. 

With this process I/O pins can be bonded to a substrate with a mixture that includes silver. The use of 
silver in a brazing mixture provides a bond that is stronger than that of gold/tin, and is significantly less 
expensive. The known disadvantage of alloys embodying silver, namely that it is prone to electromigration, 

55 particularly in damp or moist environments is overcome by providing a peripheral area on the pad that is 



3 



EP 0 167 075 B1 

not wetted by the braze material as discussed previously. 

The following examples are directed to preferred specific embodiments of the practice of the invention 
and should not be construed to unduly limit the scope of the claims defining the invention. 

5 Example I 

A number of sintered multilayer ceramic substrates each having a plurality of I/O pads on one side, 
were selected. The pads each had a diameter of 1 ,7 mm (0.068 inch), and was formed of an underlying layer 
of Mo, an intermediate layer of Ni and a thin top protective layer of Au. The substrates were divided into 
two sets, the first set was used to demonstrate and test where the bonding process and bond structure of 

70 the invention, and the second set used to demonstrate and compare bonded pin structure to pads in the 
conventional manner using IncusiMO brazing material. The I/O pins to be bonded to the sets of substrates 
were all similar, and had a pin head diameter of 0.8 mm (0.032 inch) formed of a Fe-Ni-Co alloy. Braze 
preforms for the first set of substrates were formed of IncusiMO material, i.e. 63 Ag 27 Cu 10 In, with a 
diameter of 0.8 mm (0.032 inch), and a thickness of 50 ujti (0.002 inches). Pins with the Incusil preforms on 

15 the heads were placed in contact with the pads of the first set of substrates, and the alignment maintained 
with a brazing fixture. The assemblies were sent through a belt furnace with a peak temperature of 700°C in 
a reducing atmosphere. The substrates were allowed to cool and the braze joints inspected. It was noted 
that the braze material was largely confined to the volume between the pin head and pad. There was an 
annular area about the edge of the pad which was not covered by braze material. The braze material 

20 terminated approximately 0.25 mm (0.010 inch) from the edge of the pad. The same type of pins were 
bonded to the pads of the second set of substrates with preforms formed of IncusiMO material, and of the 
same approximate size as the previous preforms. Brazing was done in a conventional manner above the 
liquidus temperature, inspection of these I/O pins indicated that the braze material extended beyond the I/O 
pin head and covered the entire pad surface. The bond strength of the braze joints were tested by applying 

25 a force to the pin and measuring the force necessary to cause failure. The results are as follows: 

Force 

Highest Lowest Average 

30 1st Set 8,62 kg (19.0 lbs.) 8,21 kg (18.1 lbs.) 8,44 kg (18.6 lbs.) 

2nd Set 8,66 kg (19.1 lbs.) 8,16 kg (18.0 lbs.) 8,39 kg (18.5 lbs.) 



35 

All of the failures occurred at the pin shank which separated before the band between the head and pin 
pad broke. As the results indicate, the bond strengths between the first and second sets are comparable. 

Example II 

40 In this Example the electromig ration resistance of the I/O pin structure of the invention and the prior art 
were tested. Two sets of substrates were prepared as described in Example I. A water-drop test was applied 
to both sets of substrates. In the test two adjacent rows of bonded I/O pins were biased at 20 V in series with 
a limiting resistor of 47 kilo-ohms. The test started with a drop of D.I. water was applied between the biased 
pins. The time to failure was recorded with the failure defined as metal migration from one I/O pin to the 

45 other I/O pin. In the conventional brazed I/O pin structure, of set 2 of the substrates failure was observed in 
one minute, average time. In the I/O pin structure of the invention on the substrates of set 1, failure 
occurred after 12 minutes, average time. Thus the resistance to electro migration in the structure of the 
invention should better than an order of magnitude improvement. 

so Claims 

1. A process for bonding current carrying elements to a substrate of dielectric material, on a solder 
wettable pin pad (14) of a predetermined diameter using an Ag alloy as a brazing material, 
comprising the steps of: 

55 providing an I/O pin (10) with a bonding surface having a diameter that is smaller than the diameter of 

said pin pad by at least 0,125 mm. 

providing a brazing material (20) of an alloy that at least includes Ag and Cu and a metal selected from 

the group consisting of In and Sn and mixtures thereof that exhibits a mushy zone i.e. the alloy exists as a 

mixture of a solid phase and a liquid phase over a predetermined temperature range, 
5o placing said bonding surface of the pin in centered relation to the pin pad with a mass of the brazing 

material disposed between said bonding surface and the pin pad, 

heating the resultant assembly to a brazing temperature within the predetermined temperature range 

while applying pressure to the pin to force the pin head into contact with the brazing material, and cooling 

the assembly, 

55 the edge of resultant fillet of brazing material being displaced inwardly from the edge of said pin pad. 
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2. The process of claim 1 wherein the brazing material is formed into a preform with a diameter 
approximately the same as the diameter of the pin bonding surface. 

3. The process of the claims 1 or 2 wherein the braze material is an alloy that includes Ag in an amount 
in the range of 60% to 70%, Cu in an amount in the range of 20% to 30%, and In and/or Sn in an amount in 

5 the range of 5% to 20%, which alloy exists as a mixture of a solid phase and a liquid phase at temperatures 
in excess of 600°C over a range of at least 40°C. 

4. The process of claim 3 wherein the braze material is an alloy having a composition of 63% Ag, 27% 
Cu, and 10% In. 

5. The process of claim 3 wherein the braze material is an alloy having a composition of 61.5% Ag, 
70 23.5% Cu, and 15% In. 

6. The process of one of the claims 1 to 5 wherein the substrate is a multilayer ceramic substrate with 
an internal metallurgy system. 

7. The process of claim 6 wherein the pin pad consists of a layer of a refractory metal bonded to the 
substrate and an overlying layer of Ni. 

15 8. The process of claim 6 or 7 wherein the I/O pin is formed of Ni, Fe-Ni-Co or Fe-Ni alloys. 

9. The process of one of the claims 1 to 8 wherein the pin and pad is subsequently coated with a Pb-Sn 
solder. 

Paterrtanspruche 

20 

1 . Verfahren fur die Verbindung von stromfuhrenden Bauteilen mit einem Substrat aus dieiektrischem 
Material auf einem mit Lotzinn benetzbaren Stiftlotpunkt (14) mit vorgegebenem Durchmesser, mit 
Verwendung einer Ag-Legierung als Hartlotmaterial, 

folgende Schritte enthaltend: 
25 Bereitstellung eines Ein-/Ausgangskontakts (10) mit einer Verbindungsflache, deren Durchmesser um 
mindestens 0,125 mm kleiner als der Durchmesser des besagten Stiftlotpunkts ist; 

Bereitstellung eines Hartlotmaterials (20) aus einer Legierung, die mindestens Ag und Cu enthalt, und 
ein Metall, das in der Gruppe von In und Sn und ihren Mischungen gewahlt wird, die in einem 
vorgegebenen Temperaturbereich eine breiigeZone aufweisen, d.h. die Legierung bildet ein Gemisch einer 
30 festen mit einer fliissigen Phase; 

Anordnung der besagten Verbindungsflache des Stifts in einer zentrierten Beziehung zum Stiftlotpunkt 
mit einer Masse des Hartlotmaterials, das zwischen der besagten Verbindungsflache und dem Stiftlotpunkt 
angeordnet ist, 

Erhitzung der sich ergebenden Montage auf eine Hartldttemperatur, innerhalb des vorgegebenen 
35 Temperaturbereichs, beim Anlegen des Drucks an den Stift, um den Stiftkopf in Kontakt mit dem 
Hartlotmaterial zu bringen, und Kuhlen der Montage, 

wobei der Rand der sich ergebenden Ausrundung des Hartlotmaterials vom Rand des besagten 
Stiftlotpunkts nach innen bewegt wird. 

2. Verfahren gemaB Anspruch 1, in dem das Hartlotmaterial in eine Vorform gebracht wird, mit einem 
40 Durchmesser, der annahernd gleich dem Durchmesser der Stiftverbindungsflache ist. 

3. Verfahren gemaB Anspruch 1 oder 2, in dem das Hartlotmaterial eine Legierung ist, die einen Ag- 
Anteil enthalt, der in einem Bereich von 60 bis 70% liegt, und einen Cu-Anteil von 20 bis 30%, und einen In- 
und/oder Sn-Anteil von 5 bis 20%, wobei diese Legierung bei Temperaturen von uber 600°C uber einen 
Bereich von mindestens 40°C als Gemisch einer festen und einer flussigen Phase vorliegt. 

45 4. Verfahren gemaB Anspruch 3, in dem das Hartlotmaterial eine Legierung aus 63% Ag r 27% Cu und 
10% In ist. 

5. Verfahren gemaB Anspruch 3, in dem das Hartlbtmaterial eine Legierung aus 61,5% Ag, 23,5% Cu 
und 15% In 1st. 

6. Verfahren gemaB Anspruch 1 bis 5, in dem das Substrat ein Keramiksubstrat aus mehreren 
so Schichten mit einem internen metallurgischen System ist. 

7. Verfahren gemaB Anspruch 6, in dem der Stiftlotpunkt aus einer Schicht feuerfesten Metalls besteht, 
das mit dem Substrat verbunden ist, und einer daruberliegenden Schicht Ni. 

. 8. Verfahren gemaB Anspruch 6 oder 7, in dem der Ein-/Ausgangsstift aus Ni, Fe-Ni-Co Oder Fe-Ni- 
Legierungen besteht. 

55 9. Verfahren gemaB einem der Anspruche 1 bis 8, in dem der Stift und der Block anschlieBend mit einer 
Lotmasse aus Pb-Sn beschichtet werden. 

Revendications 

60 1. Precede pour Her des elements porteurs de courant a un substrat en materiau dielectrique, sur un 
element porte-broche de contact (14), lequel est mouillable par la soudure et d'un diametre predetermine, 
en employant un alliage d'Ag comme materiau de brasage, 
comprenant les etapes suivantes consistant a: 

prevoir sur une broche d'entr6e/sortie (10) une surface de soudure d'un diametre inferieur a celui dudit 
65 element porte-broche d'au moins 0,125 mm, 
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prevoir un materiau de brasage (20) en alliage comprenant au moins de I'Ag et du Cu et un m6tal choisi 
dans le groupe compost d'ln et de Sn et de leurs combinaisons, ledit alliage presentant dans une plage de 
temperatures predeterminees une zone dans laquelte il existe en tant que combinaison d'une phase solide 
et d'une phase liquide, 

5 centrer ladite surface de soudure de la broche par rapport a I'etement porte-broche au moyen d'une 
certaine quantite de materiau de brasage disposee entre ladite surface de soudure et ledit element porte- 
broche, 

porter I'ensemble resultant a une temperature de brasage comprise dans ladite plage de temperatures 
predeterminees tout en exercant une pression sur la broche de telle sorte que la tete de celie-ci soit mise en 
w contact avec le materiau de brasage, et refroidir I'ensemble, 

le bord du filet resultant de materiau de brasage etant deplace vers I'interieur par rapport au bord dudit 
element porte-broche. 

2. Procede selon la revendication 1 dans lequel le materiau de brasage est pre-forme de telle sorte que 
son diametre soit approximativement le meme que celui de la surface de soudure de ia broche. 
75 3. Procede selon la revendication 1 ou 2 dans lequel le materiau de brasage est un alliage comprenant 
de I'Ag dans la proportion de 60% a 70%, du Cu dans la proportion de 20% a 30% et de I'ln et/ou du Sn 
dans la proportion de 5% a 20%, lequel alliage existe en tant que combinaison d'une phase solide et d'une 
phase liquide aux temperatures superieures a 600°C dans une plage d'au moins 40°C. 

4. Procede selon la revendication 3 dans lequel le materiau de brasage est un alliage compose de 63% 
20 d'Ag, de 27% de Cu et de 10% d'ln. 

5. Procede selon la revendication 3 dans lequel le materiau de brasage est un alliage compose de 
61,5% d'Ag, de 23,5% de Cu et de 15% d'ln. 

6. Proc6d£ selon I'une des revendications 1 a 5 dans lequel le substrat est un substrat en ceramique 
multicouches comportant un systeme de metallurgie interne. 

25 7. Procede selon la revendication 6 dans lequel I'element porte-broche se compose d'une couche d'un 
metal refractaire soude au substrat et d'une couche superieure de Ni. 

8. Proc6de selon la revendication 6 ou 7 dans lequel la broche d'entree/sortie se compose d'aliiages de 
Ni, de Fe-Ni-Co ou de Fe-Ni. 

9. Procede selon I'une des revendications 1 a 8 dans lequel la broche et l'6!6ment porte-broche sont 
30 ulterieurement recouverts d'une couche de soudure en Pb-Sn. 
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